The use of intramedullary fixation methods in the tibia is limited by the anatomical characteristics of this bone. In this study, the shape and degree of axial lateral rotation of the medullary canal were determined in 45 human dry cadaver bones using X-ray and computed tomography examinations and direct measurement of rotation in inserted nails. Forty bones (88.8%) had slight and five bones (11.1%) had excessive anterior bowing along the tibial shaft. Six of the 45 bones (13.3%) had an extremely narrow medullary canal. Axial lateral rotation was demonstrated in the middle third of the medullary canal, being on average (± SD) 32.35 ± 16.25°( range 10 -75°). This study revealed that extreme narrowing of the medullary canal, axial lateral rotation of the medullary canal, and extreme anterior bowing of the tibial shaft are the anatomical characteristics most likely to cause difficulties when using intermedullary fixation in the tibia.
Introduction
Intramedullary fixation of long bones is increasingly preferred, especially following traumatic injuries and pathological fractures. Owing to the characteristic anatomical features of the tibia, intramedullary fixation methods, whether reamed or unreamed, locked or unlocked, cannot be extensively used; however, unreamed locked nails have been slightly favoured in recent years. 1 -4 The adult tibia is a long bone with characteristic proximal and distal ends and diaphyseal structure. Although the overall structure of the tibia has been well defined in anatomical textbooks, 5 a literature survey showed no detailed studies reporting on the structure of the medullary canal of this bone.
Most investigations on the intramedullary nailing of the tibia have reported healing rates between 85% and 95%. Problems with intramedullary tibial stabilization and fracture healing occur with internal fixation because of the anatomical structure of the bone. 3,6 -12 This study evaluated the anatomical structure of the tibial medullary canal. New data on the axial lateral rotation of the medullary canal, which has implications for intramedullary fixation, are reported.
Materials and methods
Adult tibia bones from people of unknown age and sex were examined. Most of the tibias were obtained from cadavers provided for the students at the School of Medicine, Yüzüncü Yil University, Van, Turkey; the others were from a collection of tibias available in the Department of Anatomy. The donors were probably people who had died from natural causes in old age. The anatomical properties of the tibia, especially the axial lateral rotation of the medullary canal, and their implications for intramedullary nailing were investigated.
ANATOMICAL AND RADIOGRAPHIC EXAMINATION
The tibias were numbered sequentially. The length of each bone from the proximal articular surfaces to the distal articular surfaces was measured.
Anteroposterior and lateral radiographs of all bones were obtained from a distance of 1 m. On the resulting X-rays, the narrowest part of the tibial medullary canal was identified and the smallest diameter measured. Anterior bowing along the tibial shaft was assessed by mediolateral radiography.
To evaluate the structure of the medulla along the bone, five bones of the same length were scanned axially using computed tomography (CT), starting 2 cm distal to the tibial tuberosity and moving distally at 3 cm intervals. Five other bones with the same length were scanned axially, using CT, at the narrowest part over a distance of 5 cm at 0.5 cm intervals. In addition, one tibia was cut axially at 2 cm intervals using a saw, starting from the tibial tuberosity and moving distally. The pieces were rotated by 90 o compared with their normal orientation within the bone (i.e. so that the medullary canal runs from left to right rather than top to bottom) for X-ray imaging, to assess the structure of the medullary canal.
Three bones were sectioned longitudinally in order to observe the structure of the medullary canals.
ASSESSMENT OF DEGREE OF ROTATION
Ten bones were cut at the point where the medullary canal was the narrowest, and the degree of rotation assessed at this point. To do this, conical nails (custom-made by Tasarimmed Co., Istanbul, Turkey) were inserted into the medullary canal through the entry point (the universal insertion point for intramedullary nailing) with the nail's largest diameter facing anteriorly. As they were pushed in, the degree of axial lateral rotation was measured using a goniometer placed at the proximal end of the nail. The diameter of the nail used was determined by the smallest diameter of the medullary canal seen on X-ray. The length of the nail used was determined by the length of the bone from the proximal to the distal articular surfaces.
Results
Forty-five tibia bones were assessed and ranged in length from 27.5 cm to 36.0 cm, with a mean (± SD) length of 32.17 ± 1.77 cm. The ten conical nails inserted into the medullary canals had a mean (± SD) length of 29.1 ± 1.61 cm.
ANATOMICAL AND RADIOGRAPHIC EXAMINATION
Forty bones (88.9%) had slight and five bones (numbers 5, 25, 29, 35 and 43; 11.1%) had excessive anterior bowing along the tibial shaft. Six (13.3%) of the 45 tibias had an extremely narrow medullary canal with a diameter of 6 mm or less. The proximal and distal thirds of the medullary canal were wider than the middle third.
Considerable variations in the diameter, shape and axial rotation of the medullary canals were observed on the axial CT scans of ten bones (Fig. 1) . Such variations were also observed on the X-rays of the tibia that had been sectioned at 2 cm intervals. Both the axial CT scans and the X-rays showed lateral rotation of the medullary canal at its narrowest part. This anatomical characteristic was also observed in the three bones that were sectioned longitudinally.
ASSESSMENT OF DEGREE OF ROTATION
The degree of axial lateral rotation was assessed in the narrowest segments of the medullary canals in 10 of the tibias by the insertion of conical nails. The axial lateral rotation observed ranged from 10°to 75°, with a mean (± SD) of 32.35 ± 16.25°. This rotation was apparent in the middle third of the canal, and ended at its narrowest point.
Discussion
The medullary canal of the tibia is straight in the anteroposterior and lateral planes. It is funnel or cone shaped, with the isthmus lying at the junction of the middle and distal thirds of the tibia. 1 Our study revealed three important aspects of the anatomical structure of the tibial medullary canal that should be taken into account during pre-operative planning. First, extreme anterior bowing of the shaft was found in 11.1% of the bones. In this situation, although the medullary diameter is wider than the nail, insertion of the nail would be very difficult. Secondly, an extremely narrow medullary canal was found in six (13.3%) of the 45 bones studied. Thirdly, we demonstrated a considerable degree of axial lateral rotation of the medullary canal. Krettek et al. 13 reported that the combined mean rotational deformation of the longitudinal axis of intermedullary nails was 0.3 ± 0.7°. In the present study we observed that axial lateral rotation of the medullary canal was found in the middle third, being on average 32.35 ± 16.25°( range 10 -75°). Although these anatomical characteristics are very important, they have not been reported in detail before.
In the present study, it was clear from the results of the axial CT scans, as well as from the direct radiography of cut sections, that the medullary canal of the tibia varies in size and shape in the different segments. In particular, the proximal and distal thirds are wider than the middle third. The importance of estimating the maximum nail diameter was emphasized by Agnew and Henley, 14 who recommended the use of lateral radiographs to measure the endosteal diameter of the medullary canal at its narrowest point.
In conclusion, this study revealed that extreme narrowing of the medullary canal, axial lateral rotation of the medullary canal, and extreme anterior bowing of the tibial shaft are the anatomical characteristics most likely to cause difficulties when using intermedullary fixation in the tibia. 
